P ediatric stroke affects survivors with lifelong disabilities in motor, cognitive, and behavioral function. Presently, there are no specific treatments for stroke, therefore prevention is exceedingly important. The role of risk factors and how they affect the risk of stroke in large groups of children is not well understood. Recent studies have demonstrated the wide range of risk factors that can predispose a child to arterial ischemic stroke [1] [2] [3] ; however, many of these studies represent case series from a single institution.
There have been few population-based studies, most of relatively small cohorts of children, that examined the proportions of ischemic and hemorrhagic stroke, or the occurrence of stroke risk factors. [4] [5] [6] [7] One large population-based study in California analyzed stroke subtypes and potential risk factors in 2278 children. 8 The study identified race and gender as important risk factors for ischemic and hemorrhagic stroke. In that study, a number of potential risk factors were ranked by their frequency of occurrence; congenital heart disease, arrhythmias, and infections were the 3 most common risk factors. This study demonstrated the value of large population-based studies in comparing the occurrence of ischemic versus hemorrhagic stroke, and in determining the frequency of risk factors in children.
Five studies examined pediatric stroke at the nationallevel. Steinlin and colleagues determined the incidence, symptoms, and risk factors for 80 Swiss children with arterial ischemic stroke. 9 de Veber and colleagues analyzed the incidence, risk factors, and outcome in 160 children with cerebral sinovenous thrombosis in Canada. 10 Although these 2 studies examined national-level data, they examined comparatively small groups of children. Fullerton and colleagues analyzed US mortality data in 2 pediatric stroke studies, 11, 12 and found that racial and geographic factors increased the risk of death from pediatric stroke. Death from stroke, however, represents only a small proportion of children affected by stroke. Recently, Chen and colleagues examined an administrative database of hospital discharges throughout Taiwan. 13 Although the data were not presented in detail, stroke incidence was said to be higher in males than females. The incidence of all pediatric strokes was highest in children aged < 4 years, followed by children aged 15 to 19 years.
Given the many gaps in our knowledge regarding pediatric stroke, larger population-based studies of pediatric stroke are needed. Such large population-based studies are difficult to perform because of the low incidence of pediatric stroke. One alternative is to use national administrative databases to examine gender, stroke subtype, and concurrent diagnoses for significant numbers of children who had stroke. For these reasons we analyzed a subset of the Nationwide Inpatient Survey, called KID2003, to determine the frequency of ischemic and hemorrhagic stroke discharge, and to determine associated risk factors in children in the United States.
Methods

Data Source
The 14 The KID2003 data set included 2 984 129 hospital discharges that represent 7 409 162 discharges throughout the United States (after statistical weighting). The data in KID2003 are discharge-based and unique patients were not identified. We could not exclude the possibility that 1 participant might have been discharged multiple times; therefore we did not attempt to calculate incidences of stroke. Datasets for the KID were published for 1997 and 2000; however, there were changes in the number of participating states during this time. Therefore we restricted our analysis to 2003, the most recent year available.
United States population estimates of children aged 20 years and younger were obtained from the National Center for Health Statistics website: www.cdc.gov/nchs. 15 
Measures
Stroke-related discharges. Discharges related to stroke were identified using the International Classification of Disease codes, 9th revision (ICD-9), for stroke in any of the available 15 diagnostic positions. We chose this approach because the identification of ischemic and hemorrhagic stroke cases is maximized if all positions are searched. 16 We excluded children aged <30 days to minimize the inclusion of children who had a perinatal stroke or neonatal intraventricular hemorrhage. Hemorrhagic strokes were defined as ICD-9 codes: 430 (subarachnoid hemorrhage, SAH) or 431 (intracerebral hemorrhage, ICH). Ischemic strokes were defined as ICD-9 codes: 433 (occlusion and stenosis of precerebral arteries); 434 (occlusion of cerebral arteries); 436 (acute, but ill-defined, cerebrovascular disease); and 437.6 (nonpyogenic thrombosis of intracranial venous sinus; cerebral sinovenous thrombosis).
To identify medical disorders that might predispose to childhood stroke, we modified a strategy used by Fullerton The associated diagnoses were listed in order of the frequency with which they appeared in hospital discharge records. The incidence rates (standardized to the 2003 US population) of stroke-related hospitalizations in the United States by gender (age-adjusted) and age group were estimated using the weighted frequencies and the US population estimates. 17 Confidence intervals were calculated using the normal approximation with standard errors based on the Poisson distribution. Survey logistic regression was used to calculate odds ratios to compare gender, race/ethnicity, and age groups. Frequencies of coexisting diagnoses were presented only when at least 10 actual cases were present. Estimates based upon smaller numbers of cases would not be accurate. This operational definition served to distinguish those potential risk factors that were more likely to be associated with stroke from those where the association was less certain. This study was approved by the Institutional Review Board of the Research Institute at Nationwide Children's Hospital.
Results
Basic Demographics of Pediatric Stroke in the United States
There were 3015 reported stroke-related hospitalizations of ischemic, hemorrhagic stroke, or cerebral sinovenous thrombosis. After statistical weighting, this is equivalent to 5091 stroke-related hospitalizations of childhood stroke throughout the United States (3156 ischemic and 2022 hemorrhagic) in 2003 (Table 1 ). In the remainder of this report, hospitalizations will refer to the number of cases after weighting. (The sum of ischemic and hemorrhagic strokes do not total overall stroke because 51 children were coded as having both ischemic and hemorrhagic stroke.) We found that when the search was restricted to only the first 2 diagnostic positions, we only identified 53% of ischemic strokes and 72% of hemorrhagic strokes.
United States' Burden of Pediatric Stroke, Stroke Type, Age, and Gender
We estimated hospitalization rates for stroke to assess the overall burden of pediatric stroke throughout the United States. The hospitalization rate of ischemic stroke (3.70 per 100 000 children) was more than 50% higher than the hospitalization rate with hemorrhagic stroke (2.37 per 100 000 children; Table 2 ). Rates were highest in children aged less than 4 years and between ages 15 and 20 years for ischemic (5.9 per 100 000 and 4.3 per 100 000, respectively) and hemorrhagic stroke (2.5 per 100 000 and 3.3 per 100 000, respectively; Table 2 ). Hospitalization rates by race/ethnicity could not be calculated because of different definitions of race/ethnicity in the population data available ( Table 2 ). The rates of hospitalization were higher for males than for females for both hemorrhagic (2.49 per 100 000 versus 2.18 per 100 000) and ischemic stroke (3.77 per 100 000 vs 3.62 per 100 000). Inhospital deaths occurred in 10.1% cases of ischemic stroke and 18.0% cases of hemorrhagic stroke.
We calculated the odds ratios of males versus females for hospitalizations for ischemic or hemorrhagic stroke. The odds for males compared with females with ischemic stroke was 1.37 (95% CI: 1.24-1.51, P < .001; Table 3 ). The odds for males compared with females with hemorrhagic stroke was 1.50 (95% CI: 1.35-1.68, P < .001). When stratified by age group, the odds for males compared with females aged 15 to 20 was 2.62 (95% CI: 2.23-3.11, P < .001). Similarly, the odds of being hospitalized with the diagnosis of an ischemic stroke for males compared with females aged 15 to 20 years was 3.45 (95% CI: 2.85-4.18, P < .001; Table 3 ). There was a trend toward an increased odds for hospitalization in males aged 0 4 years for hemorrhagic (odds ratio of 1.29) and ischemic stroke (odds ratio 1.17) when compared with females; however, these trends barely reached statistical significance.
Coexisting Diagnoses as Potential Risk Factors
When we searched all diagnostic positions for coexisting conditions that were likely to serve as risk factors for stroke, 70% of ischemic stroke and 71% of hemorrhagic stroke cases had no conditions present. For those cases of ischemic stroke in which a condition was present, the 5 most frequent diagnoses were congenital heart disease, head trauma, meningitis/encephalitis, sepsis, and sicklecell disease, which were listed in 7.8% to 9.6% of the cases (Table 4) . Cardiac arrhythmias and hypertension were modestly associated with pediatric ischemic stroke (6% and 5%, respectively). Associations between congenital heart disease, sepsis, meningitis, sickle-cell disease, and ischemic stroke have been reported in the past; however, a link between ischemic stroke and arrhythmias or hypertension was unexpected. Risk factors for adult stroke such as diabetes and obesity were reported less frequently.
The first 3 most common diagnoses associated with hemorrhagic stroke were congenital heart disease (13.6%), arteriovenous malformations (AVMs; 13.5%), and sepsis (9.4%; Table 4 ). These diagnoses have been previously reported as risk factors for hemorrhagic stroke, but as with ischemic stroke, there was an association with arrhythmias and hypertension, which were listed in 6% to 9% of cases. Although AVMs and sepsis might be expected to be associated with hemorrhagic stroke, congenital heart disease, hypertension, and arrhythmias have not been associated with pediatric hemorrhagic stroke.
Economic Status and Stroke
We found no association between economic status, the source of health care insurance, and the occurrence of stroke. The economic status of the patient's household, as measured by median household income for the residential zip code, was similar for those children with and without a stroke diagnosis (data not shown). The proportions of children with hemorrhagic or ischemic stroke were the same for all income levels (Table 5) . In this cohort, roughly half of the patients were covered by private insurance and roughly half were covered by Medicaid. The source of health care insurance was the same for children who had a stroke and those children who did not (data not shown). The proportions of children with hemorrhagic or ischemic strokes were the same for all sources of health care insurance.
Discussion
The key findings of this study were (1) the risks of being hospitalized with the diagnoses of ischemic or hemorrhagic stroke are higher for males younger than age 4 years and older adolescent males when compared with females. (2) Intracranial hemorrhage is an important cause of pediatric stroke at a national level, and hemorrhagic stroke has many risk factors that overlap with those for ischemic stroke. ( 3) The analysis of large datasets can provide clues to risk factors for pediatric stroke that might not be detected in small studies. (4) Stroke-related hospitalization in children does not seem to be altered by household economic status or the level of health insurance. 
Effect of Age and Gender
The current study confirms earlier published reports 8, [18] [19] [20] that male children are at greater risk for developing ischemic and hemorrhagic strokes than female children.
The results of the current study are similar to those of an international cohort study, recently reported in abstract form. 21 That study found a male predominance for children with arterial ischemic stroke and cerebral sinovenous thrombosis, and also found increased risk for strokes due to cardiac disease, hematological malignancies, and head and neck trauma in males. We extend these earlier reports with the observation that there is an effect of age and gender together, so that males at specific age groups have significantly higher odds of having a strokerelated hospitalization when compared with females. This finding is similar to a recent analysis of pediatric stroke in Taiwan, which reported the highest incidences for all types of stroke in very young males followed by older adolescent males. 13 The reasons for these patterns are unknown, but are not readily explained by the lifestyle choices (smoking, alcohol, and atherosclerosis) prevalent in adults. Although older adolescents may adopt adult lifestyle choices, the duration of their exposure is not equivalent to middle-aged or elderly males. Further investigation into the role of male gender in the genesis of stroke is warranted.
Intracranial Hemorrhage is an Important Component of Pediatric Stroke
The present study demonstrated that hemorrhagic strokes accounted for 39% of all hospitalizations with a diagnosis of pediatric stroke. This frequency is consistent with earlier reports that noted the importance of hemorrhagic strokes in children in the United States. 4, 5 These frequencies, however, may depend upon the population studied. The study from Taiwan, found that 60% to 70% of pediatric strokes was due to hemorrhage. Many studies of pediatric stroke have focused upon arterial ischemic stroke or sinovenous thrombosis, [22] [23] [24] and did not include hemorrhagic stroke. Given that we found hemorrhagic stroke accounts for one third of all stroke-related hospitalizations, future studies of pediatric stroke should address the management and outcome of hemorrhagic stroke.
Risk Factors for Pediatric Stroke
The analysis of coexisting diagnoses identified congenital heart disease and infections (sepsis and meningitis/encephalitis) as the most common diagnoses in children hospitalized with ischemic and hemorrhagic stroke. Arrhythmias, hypertension, and coagulation defects were associated with both types of stroke, similar to what was found in the California study. 8 Although associations between congenital heart disease, infection, and stroke are not surprising, the link between arrhythmias, hypertension, and stroke in children is unexpected. Few studies of pediatric stroke have identified a link between arrhythmias or hypertension. One cohort study of pediatric arterial ischemic stroke found that 50% of the participants had systolic hypertension, a level much higher than that found in the current study. 25 The finding of that cohort study and the current report suggest there is an association between hypertension and pediatric stroke. A recent cohort study of pediatric hypertension suggests that it may be more common than typically suspected; 26 therefore a link between hypertension and stroke in children is potentially significant. The nature of any association is unknown and requires further investigation. The association with arrhythmias is also unexplained. It is possible that arrhythmias are a surrogate marker for congenital heart disease; however, arrhythmias are not common complications of congenital heart disease. [27] [28] [29] This association also requires further investigation.
We did not find associations with certain risk factors that previously have been linked with stroke. Endocarditis, aneurysm, and varicella infection were listed in less than 11 actual cases. The lack of an association of varicella with hospitalization for ischemic stroke was unexpected. A number of studies have linked prior varicella infection to childhood arterial ischemic stroke. [30] [31] [32] Perhaps the extent of varicella immunization prior to 2003 reduced the number of varicella cases, and then reduced the frequency of ischemic stroke associated with varicella.
Hospitalization Rates
The current study reports hospitalization rates of 3.70 per 100 000 for ischemic stroke and 2.37 per 100 000 for hemorrhagic stroke. In the California study of pediatric stroke, which is the most similar to the current report, the incidence of all childhood strokes was 2.3 per 100 000 children, 1.2 per 100 000 for ischemic stroke, and 1.1 per 100 000 for hemorrhagic stroke. We recognize that the current study may have listed strokes that occurred prior to recorded discharge, and we cannot exclude the possibility that participants were hospitalized more than once. The hospitalization rate for childhood stroke in the United States has been reported previously in an abstract 33 to be 12 per 100 000 children for all strokes, 7.9 per 100 000 for ischemic stroke and 4.2 per 100 000 for hemorrhagic stroke. The range of these earlier reports suggests that our results provide an approximation for the occurrence of pediatric stroke in the United States.
We were surprised to find no association between the patient's economic status and a stroke-related hospitalization. The ratio of children with a stroke-related hospitalization relative to hospitalizations for children without a stroke-related diagnosis was the same regardless whether the children were covered by private insurance, Medicaid, self-pay, or no charge. Similarly, the ratio of children hospitalized with a diagnosis of hemorrhagic or ischemic stroke to unaffected children was the same regardless of the household income level. There is substantial evidence in adults that socioeconomic status is inversely linked to the incidence of stroke, [34] [35] [36] [37] [38] [39] and may reflect the lack of access to preventive medical care. Such a link is not apparent with children. There are limitations to the current study. The use of ICD-9 codes to identify patients with stroke is known to miss cases of adult ischemic stroke. 40 , 41 Golomb and colleagues reported that pediatric cases coded as arterial ischemic stroke, 42 or cerebral sinovenous thrombosis 43 may be miscoded, so that the cases might actually represent some other diagnosis. Because we did not have access to the primary medical records, we cannot exclude the possibility that some of the cases in KID2003 might not have involved strokes. Because the data are anonymized and discharge-level, we could not examine records in detail to verify the sensitivity and specificity of the codes. Furthermore, a child who was discharged multiple times would appear as multiple cases. Therefore, it is possible that certain diagnoses such as sickle-cell disease or malignancies may be over-represented. Hospital discharge records do not include children who are managed only as outpatients, so children who suffered silent infarcts from sickle-cell disease or who had the delayed diagnosis of presumed perinatal stroke are underrepresented in this dataset. We believe, however, that the large number of cases will tend to average out individual errors of counting. We believe that excluding infants aged less than 1 month minimized the inclusion of neonatal intraventricular hemorrhages. It is possible that some cases listed as nontraumatic intracerebral hemorrhage may actually reflect traumatic hemorrhage. The KID2003 database was not designed to study stroke, so the extent of the diagnostic evaluations reflect the practice of the average physician in 2003. It is possible that if all cases were prospectively evaluated by pediatric stroke specialists, the evaluations might have identified a greater number of coexisting diagnoses. This limitation is particularly applicable in the category of the prothrombotic disorders where there has been rapid growth in the number of identifiable disorders. 1 The population of the United States is heterogeneous and composed of multiple ethnic groups. The results of this study cannot be readily applied to nations with more homogeneous populations. The results can serve as the basis for comparisons with other countries where the populations have been heavily influenced by the immigration of multiple ethnic groups.
Despite these limitations the current study provides a population-based overview of pediatric stroke sub-types and the frequency with which potential risk factors occur in affected children. This study identified that hemorrhagic stroke is frequently listed in pediatric stroke-related hospitalizations. This study also confirmed that arrhythmias and hypertension are associated with pediatric stroke-related hospitalizations. The reason for this association is uncertain and is an area for future research. However, this type of question likely will be answerable only by examining large datasets of children with hypertension or arrhythmias, or by prospectively acquired data. 
Ischemic Stroke
